Section 5 uses a so-called difference-in-differences design in an attempt to capture the causal impact of the tick size war for OSE listed stocks on stock liquidity at the OSE and Chi-X. The difference-in-differences specification in Section 5 uses a control sample of stocks that were not affected by the tick size war to account for market-wide confounding trends in stock liquidity. The purpose of this section is to illustrate that a simple before-and-after design, which does not account for market-wide trends in stock liquidity, is unlikely to capture the causal effect of the tick size war on stock liquidity.
The table reports subperiod averages of a number of market quality measures at the OSE and Chi-X. Market quality measures: Quoted (relative) spread: The difference between best bid and best ask in the order book, divided by price. Averaged across all order books during a trading day. Effective spread: Difference between trade price and a pre-trade benchmark, relative to trade price. Depth: The total (NOK) amount outstanding at the best bid and ask. Volume: The total amount (in NOK) traded. All the variables are measured as averages (panel A) over daily observations in the given time interval. The numbers are averages over stock-level averages. Table A .1: Before-and-after estimates a recovery from a period of low liquidity during the financial crisis in the Autumn of 2008. If unaccounted for, the before-and-after estimators assign such pre-existing trends to the impact of the tick size war. The second reason why comparing market quality during June and July to market quality in May is unlikely to identify the causal impact of the tick size war, is that trading behavior tends to be different during the Summer months (June and July) on account of public holidays. To provide some perspective on this potentially confounding factor, in Table A .2, we present market quality statistics from the same subperiods as in Table A .1 but, instead, one year before (2008) and one year after (2010) the tick size war. Most notable is the tendency of trading volume to be considerably lower during the Summer months compared to both May and September. 
B Distribution of stock prices and tick sizes at the OSE
Tick sizes for OSE listed stocks are determined by a step-function of prices -higher priced stocks have larger tick sizes (the tick size schedules are discussed in Section 1.4). To inform about the distribution of stock prices at the OSE, and therefore the range of possible tick sizes, Figure A .2 plots the distribution of (end-of-day) stock prices for our sample of stocks on the last trading day of May, 2009. The figure shows that most of our sampled stocks are priced below 150 NOK. The lowest stock price in our sample is 3.68 NOK while the highest stock price is 226.25 NOK. 
C Regression discontinuity design
In Section 5, we use a difference-in-differences design to estimate the impact of the tick size war on market quality at the OSE and Chi-X. In this appendix, we instead use a so-called regression discontinuity design to estimate the impact of the tick size war on market quality. We also discuss why the regression discontinuity design is an improvement over the simple before-and-after specification presented in Appendix A.
C.1 Methodology
We propose a regression discontinuity methodology to identify the causal impact of the 'tick size war' for Nordic stocks on stock outcomes (e.g. trading quality, liquidity). While the 'tick size war' actually comprises two distinct events -the Chi-X tick size reduction for OSE listed stocks on June 1, 2009 and the OSE tick size reduction for OBX index stocks on July 6, 2009 -consider for now the evaluation of some arbitrary event implemented on date t * , on the outcomes y it for stock i on date t. One approach to assess the effect of event t * on stock outcomes would be to use a before-and-after estimator:
where
The before-and-after effect of interest is captured by the coefficient γ, while the error term ω it represents all other determinants of the outcome. The coefficient γ is derived by computing the mean of y it over all periods t < t * , and subtracting it from the mean of y it computed over all periods t ≥ t * . The coefficient γ, however, is unlikely to represent the causal impact of the events of the tick size war on outcomes y it . The reason for this is that most of our outcome variables, such as stock liquidity and order book depth, are influenced by persistent trends that pre-date the tick size war (see the discussion in Section 3.4). Absent an adjustment for such pre existing trends, equation 1 will erroneously attribute the trends to the impact γ of the tick size war. In this section, we approach the issue of pre-existing trends by focusing only on the variation in outcomes that occurs exactly on the date t * of the event, in a regression discontinuity design. We conjecture that such local variation is unlikely to be correlated with other determinants of y it , which may facilitate causal inference. We implement the regression discontinuity design with the following regression model:
Added terms
where (t − t * ) is an event-time counting variable, centered on the event date t * . This variable is decreasingly negative for all dates leading up to t * , and increasingly positive for all dates after t * . Since event-time is centered on t * , the coefficient β Jump identifies a discrete change in y it occurring exactly on the day of the event. 1 Similarly, β Gradual can be interpreted as the per-day impact of the event, identified by a change in the linear trend (t − t * ) exactly on the day of the event. We estimate model (2) separately for the two markets, and for a variety of outcomes y it .
Our design shares both the strengths and the weaknesses of the regression discontinuity design. First, by focusing only on variation in outcomes close to t = t * , the RD design gives the potential for causal inference, since such local variation is unlikely to be correlated with other determinants of y it . Indeed, as long as there are no simultaneous shocks to y it at t * , the coefficients β Jump and β P hasein capture the immediate and gradual causal effects of an event implemented at date t * .
Consistent estimation of the coefficients β Jump and β P hasein , however, requires a strong assumption about the functional form of the relationship between (t − t * ) and y it . This assumption is needed because in order to estimate the effects that occur close to t = t * , it is necessary to use data away from this point as well (Lee and Lemieux, 2010) . Two main approaches are taken in the RD literature to estimate equation (2) when the functional form of (t − t * ) is unknown. The first approach, which is widely preferred, is to restrict the sample size on either side of t * , and estimate equation (2) with local linear regressions. If there is a concern that the regression function is not linear over the entire range of (t − t * ), restricting the estimation range to values closer to the event date t = t * is likely to reduce biases in the RD estimates (Hahn, Todd, and van der Klaauw, 2001; Lee and Lemieux, 2010) . The second approach, in contrast, uses all the available data and allows for a flexible relationship between y it and (t − t * ), by expanding equation (2) with polynomials in (t − t * ).
We estimate equation (2) with local linear regressions, and restrict the amount of data we use before and after an event t * . In order to do so, we make two definitions. First, we define the event dates t * of interest. We wish to estimate the impact of the onset of the 'tick size war', on June 1, 2009, as well as OSEs tick size reduction on July 6, 2009. We label these events t * 1 and t * 2 , respectively. As equation (2) only allows us to center event-time around one event date at a time, we must estimate equation (2) ...
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The figure illustrates how we define sample periods surrounding our two event dates. Our first event, t * Second, we define sample periods separately for each of these events. In small event windows surrounding the events t * 1 and t * 2 , a linear approximation of the functional form of (t − t * ) is likely to be appropriate. evidence that within these event windows, a linear functional form of (t − t * ) indeed appears appropriate. Table A .3 shows results of this regression discontinuity analysis, allowing us to to estimate the impact of the events of the tick size war. In Panel A of the figure we document an unambiguously negative impact of the Chi-X tick size reduction on OSE market quality. For example, offering comparatively large tick sizes causes a daily exodus of OSE trading volume and order book depth by 6% and 2.7%, respectively, and, presumably as a consequence, a daily increase in effective spreads by 0.1 basis points -strongly suggesting a less liquid market.
C.2 Results
In contrast, the impact of the Chi-X tick size reduction on Chi-X market quality is ambiguous. First, the coefficient estimates imply immediate improvements in Chi-X order book depth and trading volume, by respectively 14.5 and 72 per cent. These effects, however, appears to dissipate over time. Our estimates of β Gradual imply that out of the initial 14.5% (72%) improvement in depth (trading volume), 1.4 (5.9) percentage points dissipates per day. Moreover, there is evidence that spread measures of liquidity at Chi-X worsened during the tick size war.
Panel B of Table A .3 assesses the impact of the OSE tick size reduction on OSE market quality. Consistent with a voluminous empirical literature, we find a simultaneous and immediate decrease in both effective spreads and order book depth (−31.8%) following the OSE tick size reduction. At the same time, by reducing its tick sizes in line with its competitors, the OSE is able to abate the exodus of trading volume and order book depth spurred by the tick size war. This is indicated by highly significant and positive coefficient estimates of β Gradual . In fact, the existing negative trend in OSE trading volume is fully reversed and becomes positive (β Gradual +β P reT rend > 0). Similarly, the existing negative trend in order book depth is nullified (β Gradual + β P reT rend ≈ 0).
Trading at Chi-X appears to stabilize following the OSE retaliatory tick size reduction. For example, the volatility of prices at Chi-X declines significantly following OSEs tick size reduction. Moreover, the erratic trading volume at Chi-X appears to normalize -after a gradual decline in trading volume throughout the break-out phase, the trend tapers following OSEs tick size reduction (captured by β Gradual ).
period for the July 6, 2009 event, we end the sample on August 31, 2009, as this is the introduction date of FESE harmonized tick size schedules, and effectively the conclusion of the tick size war. Similarly, we begin that sample on June 1, 2009, so as to not sample data before the tick size war began. Doing so, however, means we have overlap between the two sample periods during June 2009. This is inevitable if we wish to estimate the impact of OSE's tick size reduction, on July 6. 
D Robustness tests: Difference-in-differences
In Section 5, we use a difference-in-differences specification to estimate the impact of the events of the tick size war on market quality at the OSE and Chi-X. In the difference-in-differences specification, we use a control group of stocks that are not directly affected by the tick size war to control for the influence of common confounding factors on our estimates of the effect of the tick size war. In this section, we explore the robustness of our benchmark difference-in-differences results to alternative specifications.
D.1 Benchmark difference-in-differences specification
Before describing our robustness tests, we begin by restating the benchmark difference-indifferences specification estimated in Section 5. In the benchmark model, we define two separate treatment groups. The first treatment group is OBX index stocks traded on the OSE. The second treatment group is OBX index stocks traded on Chi-X. Both groups were directly affected by the Chi-X tick size reduction for OSE listed stocks on June 1, 2009 and the OSE tick size reduction for OBX index stocks on July 6, 2009.
The control group is constructed in two steps. First, we construct a sample of 173 non-OBX index OSE stocks that were not traded on the multilateral trading facilities (MTFs) Chi-X, Turquoise, or BATS throughout the calendar year 2009. Since these stocks were not traded on the three MTFs, they were not directly affected by the MTF tick size reductions during June 2009. Moreover, since these stocks did not belong to the OBX index, they were not directly affected by the OSE tick size reduction on July 6, 2009. Second, we reduce the initial control sample of 173 stocks to the 25 most-traded stocks based on overall trading volume in the month of May, 2009, in order to provide a more comparable control group to our highly liquid treatment group.
We implement the difference-in-differences design with the following regression model:
where T reatment it = 1 for stock i that belongs to the treatment group on date t ≥ t * and zero otherwise; α i are stock-level fixed effects; and α t are date-level fixed effects. The inclusion of stock and date fixed effects in equation 3 controls for constant differences in y it between treatment and control sample stocks and ensures that the effect of T reatment it on y it is measured net of the time trend in the control sample. Equation 3 is estimated separately for the two events of interest -the Chi-X tick size reduction on June 1, 2009 and the OSE tick size reduction on July 6, 2009. As in the main text, surrounding the June 1 event, we restrict the sample period to April 1 to July 5. Surrounding the July 6 event, we use a sample period from June 1 to August 31. Table 4 in the main text presented estimates from the benchmark difference-in-differences model. The table suggests that both our spread measures of liquidity at the OSE deteriorated as a result of the June 1, 2009, Chi-X tick size reduction while Chi-X depth and trading volume increased. The table also shows that order book depths at both the OSE and Chi-X declined considerably following the July 6, 2009, OSE tick size reduction.
D.2 Robustness test: Alternative control samples
Our first robustness test is to estimate the benchmark difference-in-differences design using two alternative control group specifications. The first alternative control group, which we label Control group 1, comprises all 173 non-OBX index OSE stocks that were not traded on the multilateral trading facilities (MTFs) Chi-X, Turquoise, or BATS throughout the calendar year 2009. Recall that the benchmark control group comprises the 25 most-traded stocks from Control group 1. The second alternative control group, which we label Control group 2, retains from Control group 1 only stocks with positive trading volume at least 200 out of the 251 trading days during the calendar year 2009. This requirement excludes the least liquid stocks from the control sample and potentially creates a better comparison group for our liquid OBX index treatment group. Control group 2 holds 81 stocks.
To facilitate a comparison between our three control group specifications, in Table A .4, we present summary statistics from both the benchmark control group specification, Control group 1, and Control group 2. The table illustrates that stocks in the benchmark control group are the most liquid while stocks in Control group 1 are the least liquid. This is no surprise, as both the benchmark control group and Control group 2 are derived from Control group 1 conditional on a parameter of stock liquidity. Estimates from the difference-in-differences model using Control group 1 are presented in Table A .5, labeled as specification 1. In the top panel of Table A .5, we assess the impact of the Chi-X tick size reduction (t * 1 = June 1, 2009) on the quality of trading at the OSE and Chi-X. The table shows that stock liquidity at the OSE deteriorates as a result of the Chi-X tick size reduction. For example, effective spreads increase by 0.88 percentage points for OSE listed stocks directly affected by the tick size reduction relative to a control group of OSE listed stocks not affected by the tick size reduction. We find only weak evidence that Chi-X market quality increased, despite capturing market shares from the OSE (see section 4). In particular, effective and realized spreads decrease and depth increases but these effects are all statistically insignificant.
In the bottom panel of Table A .5, we evaluate the impact of the OSE tick size reduction (t * 2 =July 6, 2009) on stock market quality. The OSE tick size reduction causes a considerable reduction in order book depth at both the OSE (-45%) and Chi-X (-22%) -both effects measured relative to OSE listed stocks with no tick size change. At the same time, we find no impact of the OSE tick size reduction on spread measures of liquidity or volatility at neither the OSE nor Chi-X.
Estimates from the difference-in-differences model using Control group 2 are presented in Table A .5, labeled as specification 2. The results in Table A .5 support our previous findings that the Chi-X tick size reduction on June 1, 2009 adversely affected stock liquidity at the OSE, and that the OSE tick size reduction on July 6, 2009 reduced order book depths at both the OSE and Chi-X. In addition, the table provides weakly statistically significant evidence that stock liquidity at Chi-X (measured by effected spreads) improved during the tick size war. The table presents estimates of τ from the difference-in-differences specification applied separately to the Chi-X tick size reduction (t * . The difference-in-differences is estimated for three different robustness specifications, labeled 1, 2 and 3. In specification 1, the control group comprises all 173 non-OBX index OSE stocks that were not traded on Chi-X, Turquoise, or BATS Europe throughout the calendar year 2009. In specification 2, we further restrict the control sample to only comprise stocks with 200 or more trading days during the calendar year 2009. In specification 3, we restrict the sample period to 10 trading days before and after each of the two events (June 1, 2009 and July 6, 2009), using the same control sample as in Section 5. The difference-in-differences regression specification is y it = α i + αt + τ T reatment it + ω it . T reatmentt is a dummy variable equal to 1 for all treatment group observations on dates t ≥ t * . The difference-in-differences specification is estimated separately for two treatment groups. The first treatment group is OBX index stocks traded on the OSE. The second treatment group is OBX index stocks traded on Chi-X. Espread is the effective spreads, in percentage points. Rspread is the realized spreads, in percentage points. Depth is order book depth, transformed with the natural logarithm. Volatility is measured in percentage points. Standard errors are clustered at the stock-level. 
D.3 Robustness test: Shorter sample period
Finally, we return to the benchmark control group specification but shorten the sample period surrounding our two event dates (June 1, 2009 and July 6, 2009 ) to reduce the potential for confounding factors influencing our estimates. Specifically, we restrict the sample period to ten trading days before and after each of the event dates. Estimates from this robustness test are presented in Table A .5, labeled as specification 3. Shortening the sample period increases the noise in our estimates but our main empirical conclusions remain the same. In particular, we find that the Chi-X tick size reduction increased effective spreads at the OSE, and that the OSE tick size reduction reduced order book depth at the OSE by appreciable amounts.
